illness, life-course smoking, BMI, height, leg length, blood pressure, and cardiometabolic measures at 60 to 64 years.
Materials and Methods
Materials and Methods are available in the online-only Supplement.
Results
The expected sex difference in cIMT was observed ( Table 1) . There was a low prevalence (≈11%) of overweight or obesity at 20 years, but by 60 to 64 years, approximately two thirds of the sample were overweight or obese.
Body Size
Unadjusted models (Table 2 ) revealed a clear pattern of the odds ratios of BMI and height for high cIMT in men (Figure) , but no pattern was seen in women. In men, a 1-unit increase in Zbmi 4y incurred an increased odds of high cIMT (odds ratio, 1.256; 95% confidence interval, 1.026-1.538), whereas a 1-unit increase in Zht 4y incurred a decreased odds (0.780; 0.631-0.964). Only tentative evidence of a negative association was seen for height at subsequent ages, but the positive association of BMI with high cIMT re-emerged at 20 years (Zbmi 20y 1.282; 1.022, 1.609). In women, all confidence intervals crossed 1, with the strongest association seen for Zbmi 7y . A similar pattern of results was observed using the continuous outcome (eg, estimates of BMI-cIMT associations in men weakened across childhood before strengthening in adolescence), although nominal significance was not always observed at the same ages ( Table I in 
Change in Body Size
Accordingly, in men, a 1-unit increase in ZCHANGEht 2-4y resulted in a decreased odds of high cIMT (0.698; 0.534-0.913; Table 3 ). No strong evidence of an association of ZCHANGEbmi 2-4y or ZCHANGEbmi 15-20y with high cIMT was, however, observed. In women, all confidence intervals crossed 1; a positive estimate Nonstandard Abbreviations and Acronyms BMI body mass index cIMT carotid intima-media thickness SBP systolic blood pressure for ZCHANGEht 2-4y , where men had a negative estimate, did, however, result in a Z score-by-sex interaction with P<0.05 in a sex-combined model. A similar pattern of results was observed using the continuous cIMT outcome (eg, negative estimates were observed for the association in men of early childhood and late adolescent height growth with cIMT), although nominal significance was not always observed at the same ages ( Table II in the online-only Data Supplement). The 4 anthropometric exposures (Zbmi 4y , Zbmi 20y , Zht 4y , ZCHANGEht 2-4y ) that had a nominally significant (P<0.05) association with high cIMT in men were considered further.
Confounding
Potential confounders were those variables associated with both the outcome and ≥1 of the 4 anthropometric exposures at P<0.1 but were not considered to be on the causal pathway. Only father's education at 4 years was identified as a potential confounder of the relationship of Zbmi 4y with high cIMT, and only father's education and energy intake at 4 years were identified as potential confounders of the relationship of Zbmi 20y with high cIMT. A host of early-life socioeconomic position variables and energy intake at 4 years were identified as potential confounders of Zht 4y and ZCHANGEht 2-4y relationships with high cIMT. Separate adjustment for each potential confounder only marginally attenuated odds ratios (Table 4) , as did multivariable adjustment for all potential confounders (data not shown).
Mediation
Potential mediators were identified in the same way as potential confounders but were considered to be on the causal pathway. Potential mediators of the relationships of BMI exposures with high cIMT included Zbmi 60-64y and systolic blood pressure (SBP), pulse pressure, and glycosylated hemoglobin at 60 to 64 years, whereas potential mediators of height exposures relationships with high cIMT included Zbmi 60-64y , Zheight 60-64y , leg length, SBP, pulse pressure, and blood glucose at 60 to 64 years. Associations of exposures with high cIMT were only partially mediated by size and cardiometabolic measures at 60 to 64 years, with the exception of Zbmi 20y , which was largely accounted for by BMI tracking, as indicated by comparison of the unadjusted (1.278; 1.017-1.606) and adjusted for Zbmi 60-64y (1.105; 0.861-1.417) estimates (Table 4 ). Multivariable adjustment for all mediators did not further attenuate odds ratios considerably (data not shown).
Effect Modification
Effect modification by each of the potential confounders and mediators was examined by adding interaction terms to the adjusted models in Table 4 (data not shown). Evidence of Estimates from logistic regression models stratified by anthropometric exposure and sex. BMI indicates body mass index; CI, confidence interval; cIMT, carotid intimamedia thickness; and OR, odds ratio.
*cIMT was taken as the average of 6 repeat measurements (3 on the left-hand side of the body and 3 on the right-hand side of the body) at the lateral view of the common carotid artery. Sex-stratified centiles were used to create the 2 groups (ie, upper quartile and lower 3 quartiles).
†n in upper quartile/n in lower 3 quartiles (of carotid intima-media thickness). ‡From logistic regression models including Z score, sex (referent: male), and Z score-by-sex. §Z scores were created internally using the Lambda-Mu-Sigma method, stratified by sex and age (0-5, 6-15, 20-64 y).
effect modification was observed in 2 instances (P value of interaction term <0.1). The protective associations of Zht 4y and ZCHANGEht 2-4y with high cIMT were stronger in participants with lower SBP at 60 to 64 years (Figures I and II in the online-only Data Supplement).
Discussion
Our study suggests that in men early childhood BMI and height have robust associations with high cIMT that act in opposite directions and that the BMI association re-emerges during adolescence where it operates through tracking.
Although the finding of a protective effect of greater early childhood height growth is novel, there is a body of literature reporting similar associations with other health outcomes. [24] [25] [26] [27] 29, 30 The fact that height growth in early childhood only was associated with high cIMT supports this literature and suggests that this stage in the life course may be a sensitive period for the programming of atherosclerosis risk. It is known that height is positively associated with lumen diameter, which is in turn positively associated with cIMT. 18, 31 Lumen diameter would not, however, explain our findings because greater height was associated with lower, not higher, cIMT. Moreover, compensatory lumen enlargement is an adaptive response to the arterial wall disease process. 32, 33 Excess adiposity from 3 years onward has previously been implicated in the development of atherosclerosis, 4, 5, 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] which is consistent with our findings. Rapid infant weight gain has Estimates from logistic regression models stratified by anthropometric exposure and sex. BMI indicates body mass index; CI, confidence interval; cIMT, carotid intimamedia thickness; and OR, odds ratio.
*cIMT was taken as the average of 6 repeat measurements (3 on the left-hand side of the body and 3 on the right-hand side of the body) at the lateral view of the common carotid artery. Sex-stratified centiles were used to create the 2 groups (ie, upper quartile and lower 3 quartiles). †n in upper quartile/n in lower 3 quartiles (of carotid intima-media thickness). ‡From logistic regression models including Z score change, sex (referent: male), and Z score change-by-sex (and baseline Z score and baseline Z score-by-sex). §Z scores were created internally using the LMS method, stratified by sex and age (0-5, 6-15, 20-64 y). Z-score change variables were created as the residuals from sex-stratified general linear regressions of Z score at time T+1 on Z score at time T (and a Z score at time T squared term); when incorporated into a model (with the variable they are conditional on), they can be interpreted as change over the age period, accounting for regression to the mean. Estimates from logistic regression models stratified by exposure and confounder or mediator. BMI indicates body mass index; CI, confidence interval; cIMT, carotid intima-media thickness; HbA1c, glycosylated hemoglobin; OR, odds ratio; and SBP, systolic blood pressure.
Table 4. Unadjusted and Adjusted Odds Ratios of Anthropometric Exposures for cIMT* at 60 to 64 Years in the Upper Quartile vs Lower 3 Quartiles in Males
*cIMT was taken as the average of 6 repeat measurements (3 on the left-hand side of the body and 3 on the right-hand side of the body) at the lateral view of the common carotid artery. Sex-stratified centiles were used to create the 2 groups (ie, upper quartile and lower 3 quartiles). †Potential confounders (not on the causal pathway) and mediators (on the causal pathway) were selected as those variables associated with both the outcome and anthropometric exposure at P<0.1.
‡n in upper quartile/n in lower 3 quartiles (of carotid intima-media thickness). §Z scores were created internally using the LMS method, stratified by sex and age (0-5, 6-15, 20-64 y). ║Calculated as internal Z scores (ie, measurement-mean/SD). ¶Z-score change variables were created as the residuals from sex-stratified general linear regressions of Z score at time T+1 on Z score at time T (and a Z score at time T squared term); when incorporated into a model (with the variable they are conditional on), they can be interpreted as change over the age period, accounting for regression to the mean. been found to be a chronic disease risk factor, 28, 34 ,35 yet we did not find an association of weight gain between 0 and 2 years with high cIMT. Faster infant weight gain in our sample may represent the acquisition of adipose tissue as a life history strategy to buffer against nutritional disruption and infection during weaning. 36, 37 It may be that high BMI in early childhood, when there is typically minimal investment in the adipose tissue because of reduced risk of energy stress, 36, 37 is a better reflection of the disease process in this study.
Similarly to other studies, 9, 11, 17 we showed considerable attenuation of the association of BMI at 20 years with high cIMT after adjustment for BMI at the age of cardiovascular assessment, thereby suggesting that tracking of BMI from adolescence to adulthood is important. A review article of the Cardiovascular Risk in Young Finns study publications concluded that childhood BMI-adulthood cIMT relationships are only partly explained by tracking of obesity, 38 whereas a systematic review reported little evidence of an association of childhood and adolescent BMI with adulthood cIMT, independent of adulthood BMI. 39 Research into the association of childhood and adulthood weight status (eg, obese child/normal weight adult) with cIMT has been conducted, 10, 12 but estimates of the direct and indirect associations of obesity across the life course with cIMT still cannot be found in the literature.
Shorter children tend to have higher adulthood SBP than their peers, 40 which is in turn associated with greater cIMT. 41, 42 Adjusting for adulthood SBP only marginally attenuated the early childhood height-high cIMT associations observed in the present study, however. Instead, we found novel evidence of effect modification, such that the protective influence of greater early childhood height was greatest in those with the lowest SBP at 60 to 64 years. This finding needs to be confirmed in other studies with larger sample sizes and, as shown in Figures I and II in the online-only Data Supplement, does not necessarily mean that any deleterious effect of being a short child can be offset by avoiding high blood pressure in adulthood.
The lower cIMT of women compared with men until ≈75 years of age 43 may explain why no association was observed in our sample of women aged 60 to 64 years. This sex advantage in cardiovascular disease risk gradually disappears after the menopause, 44, 45 so oestrogen protection has been debated as the causal mechanism, 46,47 despite it actually resulting from deceleration in cardiovascular disease rates in men with no change in rates in women around the age of menopause. 48 Some studies have reported associations of childhood and adolescent BMI with adulthood cIMT in women, as well as men, 7, 14 although it may be possible that sex-specific associations of BMI with cIMT develop over age differently in different cohorts.
The strengths of this study are the use of cIMT in middle to late adulthood, prospective objective measures of BMI and height spanning the life course, and a wide range of variables characterizing the early-life environment and cardiometabolic health in adulthood. The missing data did have the potential to introduce some bias, but because similar patterns of association were observed in a restricted sample with BMI and height data at all studied ages (data not shown), it is unlikely that this source of bias had a substantial effect on findings. Each anthropometric exposure, and each anthropometric exposure-confounder or mediator dyad, was considered separately, which may have increased risk for type 1 error. This approach was, however, necessary to allow us to investigate the extent to which each confounder or mediator attenuated an exposure estimate. Finally, the sample comprised individuals born in 1946, which may limit generalizability of results to the modern day British population. The Medical Research Council National Survey of Health and Development cohort was relatively thin between 2 and 20 years, so any associations observed here may be greater in more recent cohorts.
In conclusion, we provide evidence that early childhood in men might be a sensitive developmental period for atherosclerosis, in which BMI and height represent 2 distinct biological mechanisms. The maintenance of healthy weight in men from adolescence onward may be a useful strategy to avoid the atherosclerotic complications of adiposity tracking.
